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SCEC "INTERIM REPORT" 20144: Constraining a long history of paleolake and paleoseismicity 

at Coachella, CA, using deep borehole samples 

Summary 

Despite interruptions due to COVID 19, the project is progressing successfully, with significant outcomes. 

We collected a 33.5-m-deep continuous borehole near the northeastern end of Lake Cahuilla's shoreline at 

the Coachella structural depression in May 2020 (Fig. 1). The detailed stratigraphic log of the borehole 

suggests approximately 20 lake highstands (clay/silt rich units), interrupted by sandy units of the alluvial 

fan, deltaic, and recessional bar origin (Fig. 2). Using 13 luminescence and 30 14C samples from the sandy 

and clayey units, respectively, we are constraining the lake desiccation and highstand cycle of the ancient 

Lake Cahuilla (Fig. 2). The uncorrected luminescence ages show promise and can be used to date lake 

highstands (shown as L) 7L–15L, 17L, and 19L, with the ages ranging between ~1.4 to 7.0 ka (Fig. 3C). 

We are now improving the accuracy and precision of the single-grain luminescence ages by accurately 

model the environmental dose rate contribution from different grain sizes (e.g., clay/silt or fine vs. coarse 

sand units) and accounting for the saturated groundwater effect. Several small pieces of charcoals, shells, 

and petrified soil materials are collected for 14C dating and are currently being sent to CSUF. We expect to 

produce a high-resolution age model for the deep-borehole by utilizing the new ages, published 14C ages, 

and historical information (e.g., Philibosian et al., 2011; Rockwell et al., 2018).  

Preliminary technical science outcomes 

• Successful extraction (~86% recovery) of the borehole near the Central trench of the Coachella 

structural depression, Ave. 44, Indio, CA. 

• The borehole represents the longest (past ~7 ka) lake highstand and desiccation chronology of the 

ancient Lake Cahuilla. 

• A total of 20 lake highstands are identified in the borehole stratigraphic log.  

• The uncorrected luminescence ages tentatively suggest that the average interval of lake highstands 

is 0.2–0.3 ka, and the average sedimentation rate is ~5±0.3 mm/year in the past ~7 ka. 

Training, communication, and outreach outcomes 

• The project grant supported the salary of one UCLA postdoc. 

• One poster presentation was virtually made during the SCEC 2020 virtual annual meeting. 

• A manuscript is in preparation for publication in a peer-reviewed journal. 

Project objective and rationale 

The project's main objective is to test the hypothesis that the lack of surface rupture since the most recent 

earthquake (MRE) on the southernmost ~100 km of the San Andreas fault (SSAF) is due to Lake Cahuilla's 

extended dry period. The average earthquake recurrence interval on this stretch of the SSAF in the previous 

1000 years is ~180 years. However, the MRE was recorded around 1726±7 AD, just after the last filling of 

the ancient Lake Cahuilla in the Salton Trough (Rockwell et al., 2018). Why this stretch of the SSAF 

remains quiescent for ~300 years is still poorly understood. Some researchers have proposed that lake levels 

of the ancient Lake Cahuilla modulate the regional stress field (e.g., lake loading and porewater pressure; 

Luttrell et al., 2007; Brothers et al., 2011) and tie earthquake occurrence to particular lake highstand stages 

(Rockwell et al., 2018; Rockwell and Klinger, 2019). However, due to limited (~2 ka or younger) lake cycle 

chronologies as charcoal is sparse and uncertainties in detrital 14C dates (e.g., reservoir effect on gastropod 

shells or inheritance of detrital charcoals), the true relationship between loading of the Lake Cahuilla and 

earthquake cycles has not been adequately evaluated. Besides, solving this connection is critically important 
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to evaluate fault behaviors such as periodicity, segmentation, characteristic versus random rupture behavior 

(Weldon et al., 2004), and susceptibility to change in transient pore pressure (Luttrell et al., 2007; Brothers 

et al., 2011). These parameters are, therefore, critical inputs for earthquake hazard-assessment, a key target 

of SCEC research. They can also significantly improve any future long-term earthquake rupture forecast 

model's reliability and utility.  

Technical report (preliminary results) 

Our 2020 SCEC research focused on constraining the lake highstand and 

desiccation cycles of the ancient Lake Cahuilla using a 33.5-m-deep 

continuous borehole. Since we collected the borehole from the previously 

studied Coachella structural depression of the Central trench of Philibisian 

et al. (2011), we named this core CSD-01 (33.728127°N, 116.170041°W; 

Fig. 1). The CSD-01 borehole is well poised to capture more frequent lake 

fluctuations near the northeastern edge of Lake Cahuilla shoreline and 

stratigraphic deformation caused by subsidence on the SSAF. The borehole 

was extracted using CME-85 continuous core logs and SPT split-spoon 

sampler (Fig. 3A, B). Without any plastic liners inserted within the sampler, 

we could not extract the upper ~6 m of the core (severely disturbed), which 

was previously logged and dated by Philibisian et al. (2011). To prevent 

further loss and disturbance to the stratigraphy and limit possible grain 

mixing, we used 5' x 2.5" transparent plastic liners to recover the rest of the 

borehole. Overall, we recovered about 86% of the borehole.  

The individual core segments were immediately warped and capped by 

double layers of aluminum foils to prevent further sunlight exposure. We opened these core segments at 

UCLA's Luminescence lab under amber lights. We initially dried the core segments and prepared a 

stratigraphic log of the borehole under amber light before extracting luminescence samples. We later split 

the core segments into half and modified the log under bright light aided by their photomosaics (Fig. 2). 

We identified at least 20 possible lake highstands based on distinct clayey/silty horizons, following 

Philibosian et al. (2011) (Fig. 2). The clayey/silty (lacustrine) horizons are more compact in the bottom 

core segments than the top, with clearly visible fine laminations and petrified soil layers. Several small 

pieces of gastropods, charcoals, and roots were also found in the lacustrine horizons and collected for 14C 

dating (Fig. 2). The lacustrine units are interrupted by thick sandy horizons. Some sandy and silty units that 

show finning downward and gradual transition to lacustrine units are interpreted as likely deltaic 

sedimentation resulting from a rising lake level, followed by clay deposition during the full lake (e.g., 

Rockwell and Klinger, 2019). Additionally, recessional bars are also sandy and usually well sorted. They 

are likely more prominent in units that show coarsening downward (Fig. 2). We interpret the coarser, in 

some cases poorly sorted, sandy matrix as likely alluvial fan origin. Alluvial fan processes in terms of sheet 

wash deposits are presently dominant at the borehole site. They are also reported from other shoreline 

environments of Lake Cahuilla (Waters, 1983). Aeolian deposits of fine sands are also expected in some 

units. We are currently improving our stratigraphic interpretation further with more details. 

We sampled selected sandy units by vertically inserting 6" x 1.5" copper tubes inside the liners, which 

allowed us to exclude any exposed core materials along the edges. We targeted the sandy units primarily 

because of the suitable grain size (e.g., 185–220 µm) required for single-grain p-IR IRSL dating and the 

longer sunlight exposure assumed for these grains (Rhodes, 2015). Suitable K-feldspar samples (the 

("Super-K" procedure of Rhodes, 2015) were used to determine equivalent doses (De). We analyzed 

approximately 60–230 grains per sample to achieve reasonable certainty and to identify the presence of 

Figure 1. Map showing the 

ancient Lake Cahuilla's 13-

m shoreline and location of 

the borehole. 
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anomalously young grains. Any anomalously young grains are carefully being treated to estimate the 

accurate De values. 

Additional challenges of luminescence dating of borehole samples include asymmetric geologic dose-rates 

due to non-uniform-grain matrix across distinct stratigraphic units (lacustrine vs. subaerial) and varying 

water content in the geologic past due to fluctuating potentiometric surface at that location (e.g., Brennan, 

2006). For example, we targeted the immediate sandy units bounding the lacustrine units to constrain the 

start of the lake filling and desiccation (Fig. 2). The rationale behind this approach was to reduce any lag 

time between lake filling and desiccation imposed by erosion and sedimentation rate. However, the dose-

rate contribution of finer grains (e.g., clay, silt, fine sand) is different from the coarser grains (e.g., medium 

and coarse sand) and also attenuates with distance. Additionally, water also significantly attenuates the 

track dose from all but the closest grains (e.g., Brennan, 2006). Since the borehole samples are presently 

collected from below the groundwater table (i.e., saturated) and are expected to remain saturated in the past, 

we also need to account for this dose-rate attenuation uncertainty. We are currently working to correct these 

analytical uncertainties by utilizing existing Monte Carlo-based models (e.g., Brennan, 2006) to improve 

our luminescence ages' accuracy and precision.  

Another significant source of uncertainty includes anomalous athermal fading of K-feldspar. All our 

samples show fading (~0.9–2.0% per decade) at the laboratory timescale (~300 seconds to 7 days). 

Therefore, we are also correcting for the fading, which are expected to make our ages older by several 100s 

of years to a millennium. Additional 30 14C ages are expected to offer further insight to establish consistency 

between single-grain p-IR IRSL and 14C dating results at this site. So far, our findings show that the 

luminescence ages can be used to date lake highstands 7L–15L, 17L, and 19L, with the (uncorrected) ages 

ranging between ~1.4 to 7.0 ka (Fig. 3C). The tentative average interval of lake highstands is 0.2–0.3 ka, 

and the average sedimentation rate is ~5±0.3 mm/year in the past ~7 ka. We expect to finish all the analyses 

by the end of 2021 and submit the completed project by January 2022.  

Intellectual merit 

The project offers the potential to reconstruct the longest lake filling and desiccation cycles of the ancient 

Lake Cahuilla in the Salton Trough. These results are crucial to test whether SSAF is susceptible to lake 

loading and associated porewater pressure or is just a mere coincidence. In addition, the project has 

intellectual merit to offer long-term sedimentologic context for paleoearthquake and slip rate studies in the 

Coachella Valley. In combination with other geophysical (e.g., GPR) and geotechnical data (e.g., CPT), 

borehole data also has the potential to estimate the cumulative vertical displacement at the Coachella site. 

The new luminescence chronology and analytical improvements are valuable for providing a means to date 

deep borehole sediments, especially in contexts where no organic material for 14C exists or are enormously 

affected by inheritance and 14C reservoir effect.  

Broader impacts 

This project has provided ample opportunities for research and training at UCLA. The project helps develop 

a series of other projects for the postdoctoral fellow at UCLA. A graduate and an undergraduate student are 

also being trained in the UCLA luminescence lab. An extension of the project also has the potential to be 

part of a Ph.D. thesis in the future. Besides, the project contributes directly to address three primary goals 

of SCEC5: Science Objectives of "P5.b.", "P5.c.", and "P5.d." 

Project timeline: Completed portion includes (i) borehole extraction, (ii) construction and interpretation 

of borehole stratigraphic log, (iii) luminescence dating of 13 samples, (iv) collection of 30 14C samples. 
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Estimated timeline for the remaining project: (i) Final luminescence ages will be calculated by Spring 2021, 

(ii) 14C ages will be made available by Fall 2021, (iii) final report will be made available by early 2022. 
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Figure 2. Coachella (shoreline) core stratigraphic log (CSD-01) showing the alternative subaerial (sandy/silty) and 

lacustrine (clayey/silty) units. As many as 20 lacustrine units are identified of the ~33.5-m core. Thirteen luminescence 

samples (brown circles) are dated, and 30 14C samples (yellow circles) are collected to constrain the lake Cahuilla's 

long-term lake filling and desiccation cycles. Published 14C and uncorrected luminesce ages are provided for 

reference. The upper ~6-m of the log was adapted from Philibosian et al. (2011). 

 

Figure 3. Field photos showing the drilling of continuous core segments (A, B) and published 14C and uncorrected 

luminescence ages with respect to the borehole's depth. (A, B) The rig setup and the recovery of the core. (C) Tentative 

ages are plotted with respect to Lake Cahuilla's lacustrine stratigraphy at the Coachella study site. 
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